Abstract-Sea ice encompasses a large area within the polar region and greatly influences the earth's climate system. One particular sea ice parameter of interest in understanding the dynamics of the sea ice cover and the heat exchange between the ocean and the atmosphere is its thickness. Due to this, there has been an increase in interest towards research in the polar region. Yet the harsh environment proves a great challenge to scientists doing research in those regions. The use of microwave remote sensing to retrieve physical data of the polar region, in particular sea ice thickness serves as a practical solution to the problem. In this paper, an RT-DMPACT Inverse Model to retrieve sea ice thickness from active microwave remote sensing data is presented. The inverse model is a combination of the Radiative Transfer Theory with Dense Medium Phase and Amplitude Correction Theory (RT-DMPACT) forward model and the Levenberg-Marquardt Optimization algorithm. The RT-DMPACT forward model is an improved forward model and is applied to generate the radar backscatter data, where the DMPACT is included to account for the close spacing effect among the scatterers within the medium. The Levenberg-Marquardt Optimization algorithm is then applied to improve on the set of input parameters until the sea ice thickness can be estimated. Data from ground truth measurements carried out in Ross Island, Antarctica, such as sea ice surface roughness and temperature, together with radar backscatter data extracted from purchased satellite images, are used as inputs to estimate the sea ice thickness in an area. The estimated sea ice thickness is then compared with the ground truth measurement data to verify its accuracy. The results from the simulation show promise towards the use of the RT-DMPACT inverse model to retrieve sea ice thickness from actual conditions in the polar region.
INTRODUCTION
In recent years, the study of the earth's polar region has grown dramatically, driven by a variety of reasons. With the increasing awareness on global climate change and the fact that sea ice, covering up to 25% of the earth's surface, plays a critical role in balancing the world climate, many studies are being directed towards the sea ice extent and the heat exchange between the ocean and the atmosphere [1] . Yet, such research can be both costly and dangerous, due to the extremity of the polar region's climate and weather [2] . The application of microwave remote sensing in the polar region offers a practical means to monitor and retrieve data from the harsh continent. In order to do this however, an inverse model needs to be first developed to retrieve the sea ice parameters from the radar backscatter data obtained from remote sensing.
From various reports in the literature, it is known that the sea ice thickness plays an important factor in understanding the dynamics of the sea ice cover as well as the air-ocean heat exchange. Several methods of inverse scattering algorithms for the recovery of sea ice thickness have been explored and reported [3] . Four approaches to recover sea ice thickness were presented: Radiative Transfer-Thermodynamic Model for Thickness Retrieval from Time-Series Scattering Data, Neural Network Inversion for Sea Ice Thickness, Reflectivity Inversion for Sea Ice Thickness and Proxy Indicators for Sea Ice Thickness.
In this paper, an inversion algorithm that is a combination of the Radiative Transfer-DMPACT Forward Model and the Levenberg Marquardt Optimization Algorithm is presented. The forward model is an improved model that is applied to calculate the expected backscatter data. It considers the sea ice as an electrically dense random discrete media [4] , where the Dense Medium Phase and Amplitude Correction Theory (DMPACT) is included in the phase matrix of the scatterers to take into account the close spacing effect among the scatterers [5] . The Levenberg Marquardt Optimization Algorithm is then applied to reduce the error between the results from the forward model and the radar backscatter data extracted from satellite images. Finally, a comparison is made between the inversed sea ice thickness and the actual sea ice thickness measured during the ground truth measurements carried out in Ross Island, Antarctica.
RT-DMPACT INVERSE MODEL FOR SEA ICE THICKNESS RETRIEVAL
This model is based loosely on the Radiative Transfer-Thermodynamic Inverse Model for Sea Ice Thickness from Time-Series Scattering Data [6] . The original model utilized the Radiative Transfer Theory to provide the relationship between the expected backscatter measurements to the radar parameters and the sea ice characteristics. A growth model for saline ice is also applied to more accurately predict the evolution of the sea ice growth through the use of time-series measured data. The Levenberg Marquardt Optimization method is then used to adjust the parameters and estimate the sea ice thickness.
However, while the algorithm was successful towards the reconstruction of sea ice thickness from time series electromagnetic measurements of laboratory grown sea ice [7] , it has yet to be tested under actual conditions. In addition, the collection of time series measurements using active microwave remote sensing can be tedious and expensive. Therefore, the new algorithm developed is a variation of the above model and aims to explore the possibility of inverting sea ice thickness through the use of the Radiative Transfer Theory without the use of time series measurements.
The flow chart of the developed RT-DMPACT inverse model is shown in Figure 1 below.
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Improved Guessed Thickness Error Unacceptable For the developed inverse model, the RT-DMPACT Forward Model is used to calculate the expected backscatter data from a set of sea ice parameters. The output from the forward model is used to compare with actual radar backscatter data extracted from Synthetic Aperture Radar (SAR) measurements using satellites, like the RADARSAT. The configuration for the RT-DMPACT Model is shown in Figure 2 . 
where I, κ e , P , dΩ and z are the Stokes vector, extinction matrix, phase matrix of the medium, solid angle and vertical direction, respectively [8] . The phase matrix P has the following expression:
where |ψ| 2 n is the dense medium phase correction factor and S is the Stokes' matrix for Mie scatterers with the Close Spacing Amplitude Correction [9] . From the previous equation, |ψ| 2 n can be further expressed as:
where
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The inverse model utilizes the Levenberg Marquardt Optimization Method to reduce the sum of squares of the deviation between the simulated radar backscatter data (σ HH ) and the actual radar backscatter data from the satellite so that it becomes minimal. The optimization algorithm achieves this by improving on the guess of the sea ice thickness. In the retrieval process, a set of sea ice parameters is first input into the RT-DMPACT Forward Model. Among these parameters, one of them is the sea ice thickness, which is initially guessed. The other parameters are assumed as known parameters and are obtained from the ground truth measurement. The forward model will then calculate the expected backscatter coefficient. A comparison is then made between the simulated backscatter coefficient with another set of backscatter coefficient extracted from satellite images purchased from the Canadian RADARSAT. The Levenberg Marquardt Optimization Algorithm is then applied to improve on the sea ice thickness guess and reduce the deviation between the two sets of backscatter coefficient. This process will repeat itself until the simulated backscatter coefficient from the forward model matches as close as possible to the satellite backscatter coefficient. The final estimated sea ice thickness is then compared with the sea ice thickness recorded during the ground truth measurement to verify its accuracy.
RESULTS AND DISCUSSION
In order to test the effectiveness of the developed inverse model in estimating the sea ice thickness from radar backscatter data, simulations were carried out using ground truth measurement data from the years 2006 and 2007. As the satellite image acquired for both years were from RADARSAT, only HH polarization radar backscatter data was utilized. For the simulations, the frequency is fixed at 5.3 GHz and the incident angle at 25 • . Due to the single layer configuration of the forward model, only first year sea ice sites were used for the simulation as these sites were absent of the snow layer, thus matching the model configuration.
Four first year sea ice sites were chosen during the ground truth measurement for 2006. Figure 3 displays the results of the sea ice thickness estimation compared with the actual sea ice thickness obtained from the ground truth measurement for the year 2006. The graph shows a good match between both sets of sea ice thickness. Figure 4 shows the result of the sea ice thickness estimation for the year 2007. Again, the graph shows a close match between the estimated and actual sea ice thickness. However, for 2007, only one first year sea ice site is shown due to two factors. The first factor is the change in measurement procedure compared to 2006. For 2007, the data for each site contains the average values of three measurements collected at three points in close proximity within the site, as opposed to just a single measurement at one point in each site as done in 2006. This is to obtain better accuracy of the data from the measurements. The second factor is due to bad weather, which caused the measurement trip to be abandoned midway and as a result fewer sites were visited. 
CONCLUSION
In this paper, a RT-DMPACT inverse model for sea ice thickness retrieval is presented. From simulations with data obtained from ground truth measurement carried out in Ross Island in the years 2006 and 2007, the model has shown promising results towards the retrieval of sea ice thickness using single polarization active microwave remote sensing data.
